Cells of Haemophilus injluenzae grown with or without competence promoting factors, inosine and lactate, were compared in their ability to bind deoxyribonucleic acid (DNA) and to undergo a genetic transformation. It was found that cells grown with the above factors bound 7 0 % of the 14C-labelled DNA and transformed to a relatively high level (1.4 to 2-5 %). Cells grown without the factors bound only 8 % of the 14C-labelled DNA and transformed to a low level (0.01 % or less).
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deleted from the medium, adenosine 660 pg./ml. was added. This addition was found necessary for growth.
Phase 2 medium for the development of competence and transformation procedures. The phase 2 medium used for the development of competence was essentially that of Spencer & Herriott (1965) modified with 0.05 % acid hydrolysed casein (Ranhand & Lichstein, 1966) . The transformation procedures used were as described by Ranhand & Lichstein (1966) .
14C-labelled DNA. l*C-labelled DNA was prepared from cells grown in TCM containing inosine, 1-32 mg./ml., lactate 660 pg./ml. and thymidine-2-14C 0.05 pc./ml. by methods already described (Goodgal & Herriott, 1961) . The thymidine had a specific activity of 30 mc./mmole and was obtained from the New England Nuclear Corp., Boston, Mass. The high inosine concentration, suggested by Dr R. M. Herriott, allows for more efficient utilization of the thymidine. The final DNA preparation had an approximate specific activity of 6 x 103 c.p.m./pg. and was used without prior dialysis.
Radioactivity determinations. Radioactivity was measured with a Packard Tri-Carb liquid scintillation spectrometer model No. 3003 using Bray's solution (1960). Background was subtracted from the values presented. Figure I shows the kinetics of the development of competence, measured by transformation to streptomycin resistance, by cultures of Haernophilus injluenzae grown in TCMG with or without inosine and lactate. Cells grown with the factors developed competence rapidly and reached a maximum value of 2.5 % at about IOO min. (The per cent transformation equals the number of transformed cells/ml. x IOO divided by the number of viable cells/ml.) Cells grown without inosine and lactate did not develop competence appreciably over the IOO min. tested and transformed to a maximum value of 0.01 %. In both cultures the viable count increased slightly.
RESULTS

Kinetics of the development of competence.
Although not shown, a similar result was obtained when a completely defined medium described by Ranhand (1964) was used for phase I .
Efect of inosine and lactate on DNA binding to cells. To achieve successful transformation at least two steps must occur: (i) the attachment of DNA to the cells and (ii) the incorporation of the DNA into the resident genome. Because the results presented in Fig. I did not reveal why cells grown without inosine and lactate did not transform, two experiments were done to determine which of the above steps was influenced by inosine and lactate.
The first experiment was designed to show the amount of DNA taken up by cells by measuring the amount of residual (unreacted) DNA left in the supernatant fluid. If cells grown without inosine and lactate were capable of taking up DNA, for example, they were competent but not able to integrate the DNA into their genome, then most, if not all, of the DNA added should have been removed from the reaction mixtures under the conditions described below. On the other hand, if the cells could not take up DNA, then the unreacted DNA should have been available for transforming other fully competent cells.
Cells were grown with or without inosine and lactate and were put through a
Competence in H . influenzae 259 competence development procedure as previously described (Ranhand & Lichstein, 1966) . A limiting amount of DNA (I x I O -~ ,ug./ml., determined independently) carrying the streptomycin resistance marker was added to these cells and transformation to streptomycin resistance was determined in the usual manner. After removing a test sample (0.1 ml.), competent cells that were already resistant to novobiocin were Kinetics of the development of competence. Cells were grown with or without inosine (I) 330 ,ug./ml. and lactate (L) 330 pg./ml. in TCMG and diluted into the competence medium (Ranhand & Lichstein, 1966) . At the indicated times, DNA I pg. carrying the streptomycin-resistant marker and 8-azaguanine 5 pg. were added/ml. The cells were shaken for 30 min. after the additions, at which time they were diluted and plated as described previously (Ranhand & Lichstein, 1966). added to the reaction mixtures and residual DNA carrying the streptomycin marker was assayed by observing the number of cells resistant to both streptomycin and novobiocin. The use of novobiocin-resistant competent cells for the second transformation reaction eliminated a potentially large background of streptomycin-resistant cells. In other experiments, samples were heated to 60" for 30 min. before assaying the residual DNA, and the results obtained were similar. Furthermore, analogous results were-also obtained when the defined medium described by Ranhand Cells were grown in a trypticase medium containing glucose (TCMG) with or without inosine 330 ,ug/ml. and lactate 330 pg./ml. and were put through a competence development procedure as previously described (Ranhand & Lichstein, 1966) . DNA was added at the indicated concentrations for 30 min., at which time 0-1 ml. of culture was used to assay the number of transformations to streptomycin resistance (sfr-r). The remainder of the reaction mixtures were kept at 4", and on the following day competent novobiocin-resistant (nov-r) cells were added to them. Residual DNA was assayed by observing the number of cells that were both nov-r and str-r using standard procedures. The control consisted of competent nov-r cells and sfr-r DNA 10-3 pg./ml., which gave 2 -1 x 10' sfr-r transformants/ml. This value was taken as the IOO % value to calculate the residual DNA present in column seven.
* Number of transformed colonies/ml. x roo divided by number of viable cells/ml. Cells were grown in a trypticase medium minus glucose (TCM) with or without inosine 660 pg./ml. and lactate 660 pg./ml. (Methods) and treated as described previously (Ranhand i ? Lichstein, 1966) . At zero-time, cells were diluted into the phase z medium containing 8-amguanine 5 ,ug./ml. (Ranhand & Lichstein, 1969) and 14C-labelled DNA 0.05 ml. (0.066 pg: 342 c.p.m.). They were shaken for 30 min. after the addition of the DNA, and pancreatic deoxyribonuclease (DNAse) was added when required for 5 min. The cells were centrifuged, and the supernatant fluids were removed. Cell pellets were resuspended in 1-0 ml. of water. Appropriate samples were counted in the liquid scintillation spectrometer. The same procedure was followed at 80 min.
The second experiment was designed to test whether cells grown without inosine and lactate bound any DNA at all. 14C-labelled DNA was added to cells grown with or without inosine and lactate at zero-time and at 80 min. in phase 2. The results ( The results obtained from these two experiments clearly showed that inosine and lactate did indeed influence the binding of DNA to cells. However, the role, if any played by inosine and lactate on the recombination events remains to be found.
D I S C U S S I O N
In an earlier report, Ranhand & Lichstein (1966) suggested that inosine and lactate were functioning at or near the DNA binding site. In addition, they showed that these sites could be equally destroyed by periodate when cells were treated either at zerotime (low competence) (Ranhand & Lichstein, 1966) . There are about 27 such sites per cell (Barnhart & Herriott, 1963) . A2: After 80 min. in phase 2 the premature site becomes modified so that it can now react with DNA. This modification appears to be dependent on protein synthesis (Ranhand & Lichstein, 1969 interpreted to mean that inosine and lactate contributed to a site (presumably on the cell surface) that later became modified into a DNA binding site upon further incubation in phase 2. The results presented in Table 2 may further support this hypothesis because at zero-time in phase z cells grown with or without inosine and lactate do not bind large amounts of DNA. Although the exact role played by inosine and lactate is as yet unknown, an interpretation of the data is presented diagrammatically in Fig. 2 . Cells grown with inosine
